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Abstract

Background Total hip arthroplasty (THA) in the presence

of developmental dysplasia of the hip (DDH) can be

technically challenging. Restoring the anatomic center of

hip rotation may require femoral osteotomy. Techniques

using cementless components are widely reported but less

is known about using cemented components that may be

more appropriate with osteopenic bone.

Questions/purposes We therefore determined the rate of

union, complications, and early functional score in a series

of patients with DDH who underwent cemented THA and

simultaneous subtrochanteric osteotomy.

Methods We retrospectively reviewed 28 patients (35 hips)

who underwent a cemented THA for DDH at a mean age of

47.3 years. Two patients (two hips) died within 12 months of

surgery of unrelated conditions. The clinical notes and

radiographs were reviewed with a minimum followup of 2

years (mean, 5.6 years; range, 2–14 years). Complications

were noted. SF-12 and Oxford hip scores (OHS) were recor-

ded for 18 patients preoperatively and after 6 and 12 months.

Results Union occurred in 32 of 33 femora (97%); one

patient had an infected nonunion. The overall revision rate

was 20% (9% femoral revision rate). There were three

dislocations, two of which had further surgery. Two

patients had a transient neuropraxia. The mean SF-12

physical component score increased from 32 to 52 and

mean SF-12 mental component score increased from 48 to

51. The mean OHS decreased from 40 to 27.

Conclusion Combined subtrochanteric osteotomy and

cemented THA is technically demanding with a higher

complication rate than routine THA. The rate of union,

complications, implant survival, and early OHS were

comparable to those for similar techniques using cement-

less components.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

THA in the presence of severe developmental dysplasia of

the hip (DDH) is technically demanding and presents many

challenges to the surgeon on both the femoral and ace-

tabular sides. During acetabular reconstruction of the

dysplastic adult hip, it is acknowledged that the anatomic

center of hip rotation should be restored [20, 27, 36],

although the difficulties in identifying and preparing the

true acetabulum and achieving stable fixation of the ace-

tabular component are well described [7, 10, 13, 16, 28].

On the femoral side, there are further technical challenges,

including excessive femoral neck anteversion resulting in a

posterior position of the greater trochanter and chronic

shortening of the surrounding soft tissue structures. Res-

toration of the proximal femoral anatomy is important to

allow enhanced abductor function. In restoring the center

of hip rotation, the leg may be lengthened by over 4 cm
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leading to difficulty in reducing the hip and a major risk of

neurologic traction injury [7], particularly where there is

scarring from previous surgery [15] which increases the risk

of direct or indirect neurologic injury [12]. Furthermore, the

femoral canal diameter is frequently narrow, which adds to

the difficulty of obtaining stable implantation of an ade-

quately sized femoral component [18, 25, 26, 34].

To address these concerns during THA for severe dys-

plasia, many surgeons advocate subtrochanteric femoral

osteotomy [1–4, 6, 13, 19, 21, 22, 24, 26, 28–32, 35]. Using

this technique, femoral length, angulation, and greater

trochanter position can be addressed concurrently. Fur-

thermore, osteotomy at this level allows easier access to

plates and screws retained from previous osteotomies that

may need to be removed. The majority of published series

reporting THA with proximal femoral osteotomy have used

exclusively cementless femoral components (Table 1). The

studies suggest using cementless components leads to a

high rate of union and major improvements in the post-

operative Harris hip score, although the relatively high

complication rate when compared with THA alone is

acknowledged. A further five published series include the

results of THA combined with subtrochanteric osteotomy

using a mixture of cemented and cementless femoral

components (Table 1); however, there are only 22

cemented femoral stems in these studies combined. These

reports suggest similar union rates, complication rates, and

survivorship for cemented stems compared with cementless

components; however, the number of cemented compo-

nents in these series was very small. Techniques using

cemented components may be more appropriate in the

presence of osteopenic bone or if the surgeon is not

familiar with cementless components.

Therefore, our purpose was to determine the rate of

union, complications, and the early SF-12 health survey

[33] and Oxford Hip Score (OHS) [8] in a series of

cemented THA and simultaneous subtrochanteric osteot-

omy in dysplastic hips.

Patients and Methods

This was a retrospective longitudinal cohort study of all 28

patients (35 hips) who underwent primary cemented THA

with simultaneous subtrochanteric osteotomy between

March 1995 and August 2006. The indication for surgery

was painful osteoarthritis secondary to severe DDH (Crowe

Grade III or IV [7]) in all cases. The mean age at surgery

was 47.3 years (range, 26–75 years). Previous osteotomies

had been performed in 19 patients (24 hips [69%]), nine

femoral, five pelvic, and 10 both femoral and pelvic.

Retained femoral metalwork was present in five hips

(14%). Twenty-six of the 28 patients (33 hips) were last

followed up between 2 and 14 years after surgery (mean,

5.6 years). Two patients (two hips) died within 12 months

of unrelated causes.

Subtrochanteric osteotomy was performed either to

shorten the femur (28 hips [80%]) or to correct proximal

femoral deformity (varus or rotational) and/or to allow

access to retained intramedullary metalwork (seven hips

[20%]). In the 28 hips in which the femur was shortened, the

average length of bone removed was 2.4 cm (range, 1–7 cm).

All operations were performed by the senior author

(CRH) using a modified version of the technique described

by Reikeraas et al. [30] with cemented femoral and ace-

tabular components and using an all-polyethylene cup and

a polished tapered stem in all cases. No custom-made

implants were required. A posterior approach to the hip

was used with distal extension to access the proximal

femoral shaft. The sciatic nerve was identified and care-

fully protected but not formally dissected unless adherent

to a pelvic osteotomy. After identification of the true ace-

tabulum, the acetabulum was prepared in the standard

manner with a structural femoral head autograft to provide

adequate superior coverage where necessary (12 hips

[34%]). The acetabular component was then implanted

after cement pressurization.

Femoral osteotomy was delayed until after implantation

of the acetabular component to allow easy control of the

femur for acetabular and proximal femoral preparation. The

vastogluteal sling was kept intact, but the iliopsoas tendon

was released and a total capsulectomy performed. A trans-

verse osteotomy was performed just distal to the lesser

trochanter and perpendicular to the femoral shaft. A high-

speed burr was used retrogradely to prepare the proximal

femoral fragment and occasionally the distal fragment to

allow insertion of the femoral rasps. The femoral component

with the largest offset, which best fit the proximal fragment,

was chosen. The proximal fragment was reduced to ensure

the abductors allowed normal positioning of the femoral

component. An abductor release or trochanteric slide was

not required in this series. Traction was applied to the distal

fragment, the amount of overlap between the proximal and

distal fragments was noted, and the corresponding length of

bone was resected from the distal fragment to allow

reduction of the final construct (Fig. 1). Any required

angular correction was achieved by incorporating a wedge

into the resection perpendicular to the axis of the greater

trochanter. Using standard femoral rasps, the distal fragment

was prepared taking into account any rotational correction

that was necessary to position the greater trochanter in the

same plane as the epicondylar axis of the knee. The frag-

ments were reduced and the appropriate femoral trial was

introduced across the osteotomy, which was compressed

with bone reduction forceps. Using a short one-third tubular

plate applied posteriorly, temporary fixation was achieved
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with a combination of uni- and bicortical screws (Fig. 2).

The definitive component was then implanted using a

third-generation cementing technique. The assistant’s fin-

gers were wrapped around the anterior aspect of the

osteotomy to prevent cement escape and to provide com-

pression of the anterior aspect by pulling gently in a

posterior direction, thereby applying some tension to the

third tubular plate. After curing, excess cement was

removed with an osteotome and the osteotomy site was

packed with an autologous morselized bone graft. The

plate was left in situ.

The patients were mobilized from the first postoperative

day under the supervision of the physical therapy team who

attended for 30 minutes at least twice daily during the

inpatient stay. Patients were allowed to partially weight-

bear for the first 6 weeks with the aid of a walking frame or

two walking sticks and could use these aids thereafter as

desired. Formal outpatient physical therapy was arranged

after discharge on an individualized basis and focused on

abductor strengthening exercises. Most of this rehabilita-

tion was patient-led after the initial physical therapy

sessions as an inpatient.

Patients were reviewed in the outpatient department 6

weeks, 3 months, 6 months, and 12 months after surgery.

Further followup was on an individualized basis and some

of the patients who were referred from outside our region

declined to attend for further review. In 18 patients (64%),

the OHS [8] and SF-12 scores [33] were recorded preop-

eratively and at 6 and 12 months after surgery. At each

followup visit, the patients were assessed clinically and AP

and lateral radiographs of the hips were obtained. For the

purposes of this study, union of the osteotomy and com-

plications were evaluated after review of the clinical notes

and radiographs of these patients in August 2009. Union

was defined as the presence of mature bone bridging the

osteotomy on at least three of four cortices as seen on AP

and lateral radiographs and confirmed independently by

two of the authors (CRH, BM) (Fig. 3A–B). Complications

were defined as deep infection (requiring reoperation),

dislocation, neurologic injury (temporary or permanent),

intraoperative fracture, periprosthetic fracture, revision for

any reason, or death for any reason.

Results

Thirty-two of 33 osteotomies in the 26 living patients

united (97%); there was one infected nonunion (two

patients died and were not included in the analysis of bony

union). The nonunion was the result of a recrudescent

infection at the osteotomy site and the pathogenic organism

was the same Staphylococcus aureus isolated at the time of

previous proximal femoral osteotomy, which became

infected. This patient had retained metalwork embedded in

the lateral femur and attempted removal at the time of

surgery had caused major iatrogenic trauma to the femoral

cortex and its blood supply. The patient underwent single-

stage revision to a proximal femoral replacement at 8

months and remained on suppressive antibiotics with no

clinical sign of infection 5 years later.

There were 12 complications in nine patients (26%)

(Table 2). Two patients died within 12 months of surgery;

one had a periprosthetic femoral fracture after 3 weeks,

which was revised to a proximal femoral replacement.

Having recovered from this procedure, the patient died

from pneumonia 12 months later. The other patient died

from pneumonia 6 weeks after surgery. There were three

dislocations, all in the early postoperative period. One

patient was treated with a brace and had no further dislo-

cations. The second had recurrent dislocations and

underwent acetabular revision 9 days postoperatively.

After trimming the posterior lip of the all-polyethylene

Fig. 1 Intraoperative photograph showing the proximal fragment

reduced, traction being applied to the distal fragment, and the amount

of overlap for femoral resection measured.

Fig. 2 Intraoperative photograph showing the final construct with

definitive implants and one-third tubular plate in situ.
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acetabular component, there were no further dislocations;

however, this patient sustained a Vancouver Type B1

fracture 5 months later, which required open reduction and

internal fixation. The osteotomy was noted to have united

at this time. The third patient with recurrent dislocations

underwent acetabular revision 4 weeks postoperatively,

placing the lip superiorly and reducing the anteversion.

There were three further dislocations in the 4 months after

revision, which were treated without reoperation; however,

after 6 years, further acetabular revision was required for

aseptic loosening. There was one other acetabular revision

for linear wear and aseptic loosening after 8 years. There

were no revisions for aseptic femoral loosening. In the 33

surviving hips, the femoral components remained well

fixed at last followup. The total revision rate was 20% at

5.6 years (9% femoral revision rate). There were two

transient nerve palsies, one sciatic and one femoral, both of

which resolved with no residual deficit. Both patients had

undergone previous pelvic surgery and were noted not to

have been excessively lengthened (less than 3 cm).

Within the subgroup of 18 patients, the mean SF-12

physical component score increased from 31.6 to 52.1 and

mean SF-12 mental component score increased from 48 to

51.2. The mean OHS decreased from 40.2 to 26.7 (Table 3).

Discussion

Although series describing this technique using cementless

components are widely reported in the literature (Table 1),

there is little reported on the technique using cemented

components, which we believe has a useful role in the

presence of poor-quality bone or in the hands of a surgeon

who is unfamiliar with cementless components. The pur-

pose of our study was therefore to determine the union rate,

complications, and early OHS and SF-12 scores in a single-

surgeon series of patients undergoing cemented THA and

simultaneous subtrochanteric osteotomy for hip dysplasia.

We recognize there are a number of major limitations to

the current study. First, the number of patients is relatively

small. However, the indication for this procedure is rela-

tively uncommon and it is difficult to obtain a larger series

from a single institution. Second, the method of assessing

radiographic union was not robust because there was no

analysis of interobserver reliability; however, other recent

studies [13, 19, 24, 29] used similar nonrobust methods to

assess union and while healing times cannot be determined,

we believe our final assessment of union is valid given the

radiographic appearances and absence of symptoms. Third,

leg lengths were not routinely recorded in these patients

and hence were not included as part of this study; therefore,

we cannot comment on restoration of limb length. Fourth,

Figs 3A–B (A) AP and (B) lat-

eral radiographs taken 13 years

after surgery showing union as

confirmed by the presence of

mature bone bridging the osteot-

omy site on all four cortices.

Table 2. Major complications

Complication Total Requiring revision

Infected nonunion 1 1

Dislocation 3 2

Transient neuropraxia 2 0

Death 2 0

Aseptic acetabular loosening 2 2

Periprosthetic fracture 2 2

Total 12 7
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SF-12 and OHS were available for only 18 patients and for

only the first 12 months postoperatively; hence, the data

may not reflect that of the entire group and are limited for

comparison to other series. However, the union rate,

complications, and survivorship arise from the full series.

Our union rate of 97% is similar to reported figures for

both cemented and cementless stems (Table 1) and sug-

gests, in terms of achieving union, our technique is

comparable to those previously reported.

We had similar complication rates after simultaneous

subtrochanteric osteotomy and THA to those of others for

both cemented and cementless stems (Table 1). All three

dislocations were anterior, which occurred early in our

series and were believed to be secondary to excessive

acetabular component anteversion, which had been an

attempt to reduce the risk of posterior dislocation sub-

sequent to using the posterior approach. Consequently, and

with an increased appreciation of the importance of

restoring the abductor lever arm through the derotation

element of the osteotomy, we were able to avoid further

dislocations by restoring the proximal femoral anatomy

and aiming to place the acetabulum in anatomic version.

The sole nonunion was the result of reactivation of

latent infection at the osteotomy site after attempted

removal of ingrown metalwork. Consequently, in the other

four hips in this series with retained femoral metalwork,

the screws were burred just enough to allow the femoral

component to be implanted with cement and no attempt

was made to completely remove the metalwork. Onodera

et al. [24] noted similar problems and likewise recom-

mended removal of preexisting metalwork only when it

was essential to be able to implant the new component. We

recognize this may be unsuitable with cementless stems

because it may give rise to stress concentrations and pos-

sible galvanic corrosion. The specific additional difficulties

in performing THA in the presence of retained metalwork

after previous pelvic and femoral osteotomy have been

formally acknowledged in a recently published paper [14]

in which femora and acetabula with retained metalwork are

given a separate classification, and we believe this may

provide some advantages to current systems [7, 17], which

use a combined assessment of the acetabulum and femur

and which ignore femoral geometry.

There were two transient nerve palsies in our series. By

shortening the femur during THA of the dysplastic hip, it is

hoped that the incidence of nerve palsy is reduced [10].

Various authors have recommended lengthening the femur

less than 4 cm [11, 23], although Eggli et al. [12] noted

mechanical trauma, rather than limb lengthening, most

commonly caused nerve injury in this situation. It is

nonetheless recognized that this procedure does carry an

inherent increased risk of nerve palsy.

There were no intraoperative femoral fractures in our

series. Reported rates of using cementless stems in dys-

plastic femora are as high as 20% [3, 22, 24, 28].

Paavilainen et al. recommended prophylactic splitting of

the proximal femoral shaft [26] and in poor-quality bone,

Bruce et al. [3] recommended using cement. Despite the

increased risk of intraoperative fracture, most authors have

preferred cementless fixation [1–4, 13, 19, 22, 24, 26, 29,

31], possibly because patients with DDH require

arthroplasty at a relatively young age and early reports of

cemented THA in younger patients described problems

with aseptic loosening [5, 9, 16]. Furthermore, some

authors believe cementless femoral components allow

greater control of anteversion, independent of the stability

of both fragments [24]. The overall revision rate was 20%

at a mean of 5.6 years, which is comparable with the

published data (Table 1).

To give context to the SF-12 and OHS in our series, they

were compared with an age- and gender-matched group of

110 patients undergoing primary THA in our institution

over the same period (Table 3). It is noteworthy that the

improvement in outcome was most evident after 12 months

rather than by 6 months as seen after routine primary hip

arthroplasty and we believe this represents the slower

rehabilitation after what is as much a soft tissue procedure

as an arthroplasty procedure.

THA with subtrochanteric osteotomy is an infrequently

performed procedure (0.1%–0.3% of all THAs at the Mayo

Clinic [19, 28]), and even in specialist centers, it is asso-

ciated with increased complication rates (Table 1). Ours is

a relatively large series of cemented THA with subtro-

chanteric osteotomy and suggests the rate of union,

complications, and revision rate using this technique are

comparable to those for cementless techniques. We found

Table 3. Clinical scores before and after surgery

Outcome measure Preoperative 6 months postoperative 12 months postoperative

DDH Case-matched DDH Case-matched DDH Case-matched

SF-12–physical 31.6 29.1 37.7 41.1 52.1 42.2

SF-12–mental 48.0 45.9 49.1 52.4 51.2 50.2

Oxford Hip Score 40.2 43.0 28.7 23.6 26.7 24.0

DDH = developmental dysplasia of the hip.
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high functional scores (SF-12 and OHS) and survival, at

least in the short- to midterm. There is little known on the

long-term survival of these complex arthroplasties,

regardless of the fixation technique, and further followup

is required. We believe the surgeon should implant his or

her usual prosthesis to obtain the best long-term results

for this uncommon and challenging procedure, and the

findings of this study support the use of cemented

components.
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